Croton cajucara BENTH. (of the Euphorbiaceae family), popularly known as Sacaca, is a shrubby plant with purulent bark and alternate, lanceolate, odorant leaves, which is very common in Amazonia. 1) In Northern Brazil, the leaves and barks of the trunk of this plant are used to prepare teas or pills to treat diabetes, diarrhea, malaria, and fever, gastrointestinal, renal, and hepatic disorders, and in the control of high levels of cholesterol. [2] [3] [4] Phytochemical studies of bark extracts have demonstrated the presence of several clerodanes of the diterpene type such as trans-dehydrocrotonine, trans-crotonine, cis-cajucarine and sacacarine.
Flavonoids are polyphenols widely distributed in foods of plant origin frequently consumed by the human such as fruits, vegetables, teas, and wine. At present, about 4000 compounds of this group of substances are known, containing a number of phenolic hydroxyl groups that confer strong antioxidant activity and therapeutic potential in some diseases, including cancer, ischemic heart disease, and atherosclerosis. 9, 10) Their antiradical property is directed towards highly reactive oxygen species (ROS) implicated in the initiation of lipid peroxidation; moreover, flavonoids are soluble chain-breaking inhibitors of the peroxidation process, scavenging intermediate peroxyl and alkoxyl radicals and chelating metal ions which are of major importance for the initiation of radical reactions. 11) Given the implication of ROS in the pathogenesis of a wide variety of clinical disorders and the strong antioxidant properties recently reported for different medicinal plants, [12] [13] [14] [15] the aim of this work was to verify a possible antioxidant activity of the leaf extracts of Croton cajucara using both in vitro (capacity to scavenge the stable free radical 2,2-diphenyl-1-picrylhydrazyl, DPPH) and in vivo (percentage survival of Saccharomyces cerevisiae cells and oxidative stress in rats treated with paraquat) approaches.
MATERIALS AND METHODS

Plant Material Leaves of
Croton cajucara Benth were collected in Amazonica-Santaren (Brasil). The air-dried powdered leaves (5 g) was ground and mixed with boiling water (100 ml) to provide a 5% aqueous extract. 16) After 20 min, the mixture was filtered through filter paper and the extract was administered to the rats.
Chlorophormic fractions from the aqueous extracts were prepared and submitted to chromatographic fractioning on a silica gel column. 8) Three steroids: b-sitosterol, stigmasterol and sitosterol-3-O-b-glucoside, two flavonoids: kaempferol 3,4Ј,7-trimethyl ether and 3,7-dimethyl ether and one diterpene: cajucarinolide, were identified. Major components were b-sitosterol and kaempferol 3,4Ј,7-trimethyl ether (0.03 and 0.006% of dried plant material, respectively).
DPPH Radical Scavenging Activity
The standard an- 17, 18) The trolox solution was prepared with 98% ethanol at concentrations of 1, 10 and 100 mg/ml immediately before use. To determine the capacity to scavenge the stable free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH), 200 ml of trolox or leaves extract (1, 10 and 100 mg/ml in distilled water) were mixed with 800 ml of Tris-HCl 100 mM buffer solution, pH 7.0. This was added to 1000 ml of an ethanol solution of DPPH 500 mM and kept for 20 min protected from light. Absorbance was measured in a spectrophotometer at 517 nm. The result was expressed as the percentage of scavenged radical DPPH that was reduced. 19) IC 50 value is the concentration of sample required to scavenge 50% DPPH free radical.
Yeast Saccharomyces cerevisiae Survival The determination of the potential antioxidant capacity of the leaf extract in biological systems was performed using eukaryotic cells of yeast Saccharomyces cerevisiae. Haploid strain XV 185-14C, gently provided by Dr. R. C. Von Borstel (Department of Genetics, University of Alberta, Canada), was cultured in YEPD solid medium (2% w/v Bacto Pectone, 2% w/v D-glucose) added with 2% agar. 2ϫ10 6 cells/ml were treated with Croton cajucara extracts at concentrations of 1 and 10 mg/ml. Paraquat, diluted in sterile distilled water, was added at 10 mM and cells were incubated at 28°C for 21 h with stirring. After these procedures, the cells were conveniently diluted, shown in Petri dishes, and incubated for 48 h at 28°C. Cell viability was determined by counting the colonies in Petri dishes, taking the control sample with no treatment as 100% of survival.
Animals and Experimental Procedures Male Wistar rats weighing 200-300 g were kept in normal husbandry conditions (12 h day/light, 25°C, Purina chow feeding). The animals were divided into four groups under the following conditions and treatments: I, Control animals (Co): 1.5 ml of distilled water for 5 d administered intragastrically (i.g.), (nϭ5); II, Animals treated with Croton cajucara BENTH. extract (CcB): 1.5 ml of the Croton cajucara BENTH. extract (5 g of leaves/100 ml distilled water) i.g. for 5 d, (nϭ10); III, Animals treated with paraquat (PQ): 1.5 ml of distilled water i.g. for 5 d and PQ (50 mg/kg i.p., dissolved in 2 ml distilled water immediately before use) at day 5 (nϭ10); IV, Animals with PQ plus Corton cajucara BENTH. extract (CcBϩPQ): 1.5 ml of the Croton cajucara BENTH. extract i.g. for 5 d, and PQ at day 5 (nϭ10). All animals were killed at day 6. The rats were anaesthetized with 2% xylazine hydrochloride (50 mg/kg) and ketamine hydrochloride (100 mg/kg) i.p., and the venous blood was collected from the orbital net for the hepatic function tests.
Biochemical Analysis The livers were excised, weighed, and immediately frozen at Ϫ70°C. Frozen tissue from each rat was homogenized in ice-cold phosphate buffer (KCl 140 mM, phosphate 20 mM, pH 7.4) and centrifuged at 3000 rpm for 10 min. Cytosolic superoxide dismutase (SOD) (EC 1.15.1.1) was assayed according to Misra and Fridovich 20) at 30°C. The rate of autooxidation of epinephrine, which is progressively inhibited by increasing amounts of SOD in the homogenate, is monitored spectrophotometrically at 560 nm. The amount of enzyme that inhibits epinephrine autooxidation at 50% of the maximum inhibition is defined as 1 U of SOD activity. Catalase (EC 1.11.1.6) activity was determined by measuring the exponential disappearance of H 2 O 2 at 240 nm and was expressed as mU per miligram of protein.
21) The assay of cytosolic glutathione peroxidase (GPx) (EC 1.11.1.19) was carried out according to Flohe and Guntzler. 22) Cumene hydroperoxide was used as the substrate, and 1 U of enzymatic activity was defined as the amount of protein that oxidises 1 mmol of reduced NADPH per minute.
Oxidative stress was determined by measuring the concentration of thiobarbituric acid reactive substances (TBARS) 23) and the hydroperoxide-initiated chemiluminescence (QL). 24) The amount of aldehydic products generated by lipid peroxidation was quantified by the thiobarbituric acid reaction using 3 mg of protein per sample. Results were referred as TBARS. The samples were incubated at 90°C for 30 min after adding 500 ml of 0.37% thiobarbituric acid in 15% trichloroacetic acid, then centrifuged at 4°C at 2000 g for 15 min. Spectrophotometric absorbance was determined in the supernatant a 535 nm. For the QL determination, 0.5 ml of homogenate were added to 120 mM KCl, 30 mM phosphate buffer (pH 7.4), and 3 mM tert-butyl hydroperoxide at 30°C and assayed for chemiluminiscence in a liquid scintillation counter in the out-of-coincidence mode.
Statistical Analysis The results were expressed as meanϮstandard error of mean (S.E.M.). Means were compared by ANOVA and Student's t-test. Significance was accepted at pϽ0.05.
RESULTS
Measurement of the Scavenging Capacity
The radical scavenging activity of the leaf extract was estimated by reactivity with the stable radical 2,2-diphenyl-1-picrylhydrazyl (DPPH). The scavenging capacity for the different doses of trolox and the Croton cajucara leaf extract is shown in Table  1 . Extracts showed inhibitory radical scavenging activity against DPPH activities (75%, 43% and 25% of the standard at 1, 10 or 100 mg/ml, respectively). The IC 50 value obtained was 218 g/ml, less that that obtained for the reference standard (9.1 mg/ml).
Determination of Yeast Saccharomyces cerevisiae Survival Table 2 shows the percentage survival of Saccharomyces cerevisiae cells treated with 10 mM paraquat and different concentrations of the leaf extract. Survival increased by 21% and 55%, respectively, for the 1 mg/ml and 10 mg/ml concentrations of the extract.
In Vivo Antioxidant Capacity The cytosolic concentra- tion of TBARS, increased in the animals treated with paraquat (group PQ) (ϩ283%), while values did not significantly differ from the controls in rats additionally receiving the extract of leaves (group PQϩCcB) (Fig. 1) . Paraquat administration also induced a significant increase in chemiluminescence (ϩ76%), that was partially prevented by the leaf extract (ϩ31%) (Fig. 2) . Figure 3 shows the liver activity of the different antioxidant enzymes. SOD activity was a 158% higher in animals receiving paraquat as compared to the controls. This effect was abolished by administration of the extract of leaves. Paraquat administration did not significantly modify activities of GPx or catalase. Croton cajucara extract increased GPx and catalase activities in paraquat treated-animals by 342% and 70%, respectively.
DISCUSSION
Free radicals or reactive oxygen species (ROS), such as the superoxide anion (O 2 Ϫ ), the hydroxyl radical (OH · ), hydrogen peroxide (H 2 O 2 ) and lipid hydroperoxides are produced during incomplete reduction of molecular oxygen to water in the respiratory electron transport chain during aerobic metabolism. ROS are also produced from various biochemical reactions and can increase following the exposure of cells to certain environmental conditions. 25) Within cells, ROS can lead to potential harm by causing oxidative stress through nucleic acid damage, protein oxidation, and lipid peroxidation. Oxidative stress has been implicated in the pathogenesis of a wide variety of clinical disorders such as neurodegenerative diseases, cancer, cardiovascular disease, atherosclerosis and inflammation. 26) Therefore, identification of new antioxidants remains a highly active research area because these agents may reduce the risk of various chronic diseases caused by ROS.
Plants are some of the most attractive sources of new drugs and have been shown to produce promising results in the treatment of a number of disorders. The literature reveals that plants can contain a large diversity of natural antioxidants that might serve as leads for the development of new drugs. In the last few years some medicinal plants containing flavonoids have been reported to possess strong antioxidant properties. [12] [13] [14] [15] Phytochemical analysis on leaf extracts from Croton cajucara has revealed the presence of different flavonoids such as 3,7,4Ј-tri-O-methylkaempferol and 3,7-di-O-methylkaempferol. 8) Hence, in the present study leaves were screened for in vivo and in vitro antioxidant properties using standard procedures.
The antioxidant capacity of the leaf extract was tested in vitro by the capacity to scavenge the stable free radical DPPH. The antioxidant effect at low dose was comparable to that of the trolox, although the IC 50 value indicated a much less effectiveness than that obtained for the reference standard. Other plant extracts, such as Nelumbo nucifera seeds, 27) Antrodia campophorata, 28) Striga orobanchioides 12) or different Cuban 29) or Bolivian 14) plants, have also been demonstrated to positively reduce the DPPH radical. Paraquat is a redox cycling bipyridyl herbicide that utilizes molecular oxygen to initiate superoxide anions in the mitochondria and the cytosol of yeast and mammals and the subsequent generation of hydrogen peroxide and hydroxyl free radicals. 30) These highly toxic radicals are extremely reactive with macromolecules and result in organ injuries. 31) Paraquat intoxication has been frequently used as a model tot test the effects of antioxidant agents 32) and in the present study was employed to investigate the protective effects of Croton cajucara leaves both in yeast and mammals.
The model eukaryote Saccharomyces cerevesiae is ideal for investigating oxidative stress responses, since it is not only genetically well defined, but its defence systems against ROS are well characterized, including both enzymatic and non enzymatic antioxidants. 33, 34) Our results confirm that the Croton cajucara extract augments the cell survival rate after paraquat treatment from 51.5 to 81.2%. A similar effect has been previously reported in this cell model by the use of both natural and synthetic antioxidants such as vitamin C or BTH. 35) Thus, our results could be explained by the presence of elements of the extract, such as flavonoids or steroids, which antioxidant capacity is well demonstrated. 36, 37) Results from the present investigation also indicate that experimental injury induced by paraquat induces a significant increase in TBARS concentration and this is prevented by the plant extract administration. Lipid peroxidation resulting from oxidative stress produces malondialdehyde, which forms DNA adducts and may cause cytotoxic effects. 38) Although TBARS are the most frequently utilized method for evaluation of malondialdehyde, as marker of lipid peroxidation this index has been subjected to criticism due to the drastic conditions used for this test may cause artificial production of malondialdehyde and because some non lipid molecules can be sources of TBARS; for these reasons, according to many authors, at least two different indices should be used to assess lipid peroxidation. 39) The fact that hydroperoxide-initiated chemiluminescence was also significantly modified in our experiments confirms the prevention of paraquat-induced oxidative stress by the leaf extract.
Oxidative stress has been defined as an imbalance between pro-and antioxidants, and ROS-induced lipid peroxidation can occur either in situations in which scavenging systems are overwhelmed (excessive production of ROS) or by impairing the antioxidant systems. The antioxidant enzymes SOD, catalase and GPx are important components of the cell defences against prooxidant injury. These enzymes work in tandem to scavenge reactive oxygen species: SOD catalyses the conversion of superoxide radicals to hydrogen peroxide. Catalase is primarily a peroxisomal enzyme that participates in the reduction of hydrogen peroxide to water and oxygen. GPx complements the function of catalase in the metabolism of hydrogen peroxide and can react with a broad spectrum of organic hydroperoxides. 40) The results of our study show that the rise in oxidative stress indices was accompanied by a higher SOD activity in paraquat-treated rats. This effect, believed to be due to increased dismutation of superoxide anions generated through the paraquat toxicity mechanism, 41, 42) was prevented by the Croton cajucara leaf extract, which suggests the possibility of a superoxide radical scavenger activity. A similar change in SOD renal activity has been reported in diabetic rats treated with extracts from Gongronema latifolium leaves. 43) GPx or catalase activities, although not significantly modified by paraquat, were enhanced in rats receiving the plant extract, which suggests that its beneficial action might be partially related to preservation of antioxidant defences. A previous report indicates that extracts of Antroid camphorata, a traditional Chinese medicine, protect against carbon tetrachloride-induced hepatic injury in vivo by increases in glutathione content and significant improvements in GPx and catalase changes. 28) Increase of the GPx and catalase activities caused by only administration of leaf extracts coincides with the effect recently reported for Piper cubeba and Rosa hybrida extracts on plasma catalase activity. 44) Upregulation of catalase or glutathione peroxidase gene expression by different flavonoids has been previously reported 45, 46) and, although other factors cannot be ruled out, a similar effect by components of the extract could contribute to explain the present results.
In summary, our results suggest that Croton cajucara leaf extract exert effective protection against chemical-induced hepatic injury by mediating antioxidant and free radical scavenging activities. Therefore, further studies are required to analyze toxicological aspects and to elucidate the mechanisms of action in order to confirm the beneficial use of as a potential source of antioxidant agents of natural origin.
